An experimental investigation of the shearing conditions and their influence to the strength properties of Klaipėda sand by the universal shear device is presented. The shear tests for the loose and dense soils were realized for constant vertical stress (q = const.) and for constant sample volume (h = const.), respectively. Loading was supplied on the top of the sample. The testing conditions realized the cases of the constant and variable gap between upper and lower shearing ring. The stability of the gap between the upper and the lower shearing rings and that of the vertical load indicator of compression were measured during the tests. The measurements of the gap between the upper and the lower shearing rings resulted that it is not constant during the tests. The compression measurement tests of vertical load indicator it was found that full bridge type indicators are not proper for tests because of their deformability. The angle of the internal friction φ and the cohesion c depends on: density of soil; testing method; gap behavior factor: is it fixed or not.
Introduction
A conventional geotechnical design requires the explicit geotechnical investigations of the soil physical and mechanical properties by means of the approved testing methods and techniques for determining the relevant design values. The results obtained by using of the testing technique of a new generation [1] , differ from these being obtained by the older testing equipment [2] [3] . This result inspired to perform an explicit testing of universal direct shear device ADS 1/3 of common in the practice principal scheme. In most cases the researches working in laboratories can't perform the same shear tests with different types of devices due the actual set under disposal [4] . Therefore one is not considering the principal reasons that the results differ qualitatively [5] [6] [7] . Many researchers report about the almost absence of the investigations on the analysis of the systematic reasons of inaccuracies of shear devices directly resulting the testing results [8] [9] [10] [11] [12] and/or their improvements aiming to reduce them [13] [14] [15] [16] [17] .
The most often testing cases are: when the soil sample is cut (sheared) under the constant vertical load (q = const.) subjected onto the top, or under the constant height of the sample (h = const.), respectively. The both above listed testing cases have been considered for air-dry typical Baltic seashore sand (the region Klaipėda) for the samples of the maximum and the minimum void ratios e.
The aim of the current investigation is to determine the soil strength properties via the universal shear device ADS 1/3 [1] and to explain (interpret) the obtained results. In addition the variation of the gap between the upper and the lower shearing rings and that of the vertical load indicator of compression were measured during the tests.
It is impossible to explain properly the variation of the obtained soil shear strength parameters when the above described gap variation is not measured during all test time. These additional data are also important when creating design scheme for simulating the shear test either by finite element or discrete element methods [18] [19] [20] .
Experimental set-up
The air-dry sand of the Baltic Sea shore was used to perform the experiments for determining the shear strength parameters. This type of sand was selected due the naturally higher smoothness and roundness of the sand grains. The size distribution (grading curve) of considered soil is presented in Fig. 1 . Before shearing the soil sample was compressed by constant vertical stress ramp of 100 kPa/min until the fixed vertical load levels (50; 200; 400 kPa) were reached. The principle constructional scheme of the employed universal shear device ADS 1/3 is presented in Fig. 2 . Fig. 2 . Universal shear device principal constructional scheme. 1 -porous stone; 2 -lower shearing ring; 3 -upper shearing ring; 4 -soil sample; 5 -load piston; 6 -gap position screws; 7 -rigid plate; 8 -water bath; 9 -lower shearing ring orientation plate; 10 -flexible base plate; 11 -orientation screws;
12 -flexible base plate fixing to the rails; 13 -rails; 14 -upper ring rigid support
The soil is sheared under the constant horizontal displacement velocity of 0.5 mm/min until the horizontal deformation reaches the limit of 9 mm. The tests were performed when the initial height of the gap between the upper and the lower shearing rings is 1mm and it is released during the test (test performed without upper ring rigid support) and fixed during test (test performed with upper ring rigid support), respectively. The shear test is performed under two different cases (methods), namely:
• With constant vertical loading (q = const.);
• With constant sample volume (h = const.)
The shear tests have been performed for the different porosity sand samples. One part of tests was prepared with loose sand (ρ = 1.491 g/cm 3 ) and another part with dense sand (ρ = 1.554 g/cm 3 , when h = const. and ρ = 1.651 g/cm 3 , when q = const.) The difference between densities is small as the compaction of the air-dry soil is complicated to perform. When the density of soil is higher the value ρ = 1.554 g/cm 3 the effect of dilatation has significant influence for developed vertical lifting stresses. It causes the increment of the vertical stresses up to maximum magnitude being allowable of shearing device and the introduced stress limiters (automation) does not allow to continue the test (subsequently not to damage the device). The peak soil shearing strength has been determined according to the maximum ratio of shear and normal stresses, id est. according τ u /σ = max.
In addition the gap between the upper and the lower shearing rings and that of the vertical load indicator of compression were measured during the tests (Fig. 3) . The measurements have been performed by using the Geokon multiplexer (MUX) and the Datalogger [21] . 
Analysis of obtained results
The characteristic investigated sand shear graphs for loose (Fig. 4) and dense ( Fig. 5 ) soils have been processed for different testing methods, id est. for q = const. and h = const. The analysis of graphs in Figs. 8-9 clearly shows that the released (variable) gap between the upper and the lower shearing rings results the lower magnitudes of the angle of internal friction φ and the cohesion c. This can be explained by the reason that the part the total stress applied on the top of the sample is distributed directly to the upper ring support in case when the gap is constrained. The measurement of the vertical stress is not installed in this part of standard device. Thus, the actual non-constant distribution of vertical loading to the sample when constraining or releasing the gap between the upper and the lower shearing rings yields the difference in results. The soil strength parameters obtained for both above described cases is summarized in the Table 1 .
In addition the gap between the upper and the lower shearing rings and that of the vertical load indicator of compression were measured during the tests. For initial loading stress on top of sample equal to 400 kPa when the gap is constrained the variation during test time of it is presented in Fig. 10 for cases q = const. and h = const., respectively. The positions of numbered indicators are shown in Fig. 3 . The results corresponds the case of dense soil. (a) (b) When analyzing Fig. 10 one can easily find that the gap between the upper and the lower shearing rings practically remains the same during the test under the constant pressure q, id est. it reduces insignificantly, approximately to 0.03-0.06 mm from the initial it's magnitude of 1.00 mm. When the test is performed under the constant volume, the initial gap magnitude reduces from 1 mm to approximately 0.9 mm. Fig. 11 represent the gap variation graphs under the pressure of 400 kPa being applied on the top of the sample in case when the gap is released (the dense soil sample is tested). The negative magnitudes of gap measurements in Fig. 11 (a) mean that the upper ring was lifted during the test, id est. the gap between upper and lower shearing rings increased.
An additional measurements of gap variance in different points has been performed ( Fig. 12) , having found that the gap between the upper and the lower shearing rings is variable for both considered testing cases. The measurements proved that a creating of the constant an initial 1mm gap along the sample shear plane between rings is not achieved; id est. the shear plane remains not a horizontal one during the test. The horizontality is expected to be achieved by a rigid plate (Fig. 2) , which actually is not rigid enough.
The compression (deformation) of the vertical load indicator is small during the test, therefore the character of deformation is illustrated for the case of 400 kPa initial pressure applied on the top of the sample, see Fig. 13 . The positive magnitude in Fig. 13 means an extension of the load indicator, that of the negative one -the subtraction. The porous stone which is directly connected with full bridge vertical load indicator because of its non-constant deformation remains not horizontal during the test. In this case due the non-uniform contact between porous stone and device walls part of the loading pressure can be distributed to the device walls, that has influence when determining the actual normal stress transmitted to the shear plane, id est. the shear strength parameters, obtained by processing the test results.
Conclusions
• The angle of the internal friction φ and the cohesion c depends on the density of soil and that of the testing method, id est. testing under the constant pressure (q = const.) or under the constant volume (h = const.). The strength parameters depend on the gap behavior factor: is it fixed or not. The tests performed with Baltic Sea shore sand under various above listed conditions resulted the variations of the soil shear strength parameters, namely φ variation within the bounds of 12.36 0 and 47.09 0 , and that of c 0.38 and 28.10 kPa, respectively.
• The measurements of the gap between the upper and the lower shearing rings resulted that it is not constant during the tests. The height variation bounds according test cases (methods) are approximately 0.88 and 1.40 mm in respect of the initial one of 1.00 mm.
• The compression measurement tests of vertical load indicators it was found that full bridge type indicators are not proper for tests because of their deformability. In this case due the non-uniform contact between porous stone and device walls part of the loading pressure can be distributed to the device walls, that has influence when determining the actual normal stress transmitted to the shear plane, id est. the shear strength parameters, obtained by processing the test results. 
